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(54) Image developing apparatus, process cartridge, electrophotographic image forming 
apparatus, and development unit frame 



(57) A developing device for developing an electro- 
static latent image formed on an electrophotographic 
photosensitive member, said developing device being 
mountable to a main assembly of an electrophotograph- 
ic image forming apparatus, said developing device in- 
cludes a developer carrying member for feeding a de- 
veloper to said electrophotographic photosensitive 
member to develop the electrostatic latent image 
formed on the electrophotographic photosensitive 
member; a first electroconductive portion; a second 
electroconductive portion for cooperating with said first 
electroconductive portion to provide an electrostatic ca- 



pacity; a first electrical contact for receiving a voltage to 
be applied to said first electroconductive portion from 
the main assembly of the electrophotographic image 
forming apparatus; a second electrical contact for trans- 
mitting, to the main assembly of the electrophotographic 
image forming apparatus, an electric signal correspond- 
ing to an electrostatic capacity between said first elec- 
troconductive portion and said second electroconduc- 
tive portion when a voltage is applied to said first elec- 
troconductive portion to detect a remaining amount of 
the developer by the main assembly of the electropho- 
tographic Image forming apparatus. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] The present invention relates to an image de- 
veloping apparatus, a process cartridge, an electropho- 
tographic image forming apparatus, and a development 
unit frame. 

[0002] An electrophotographic image forming appa- 
ratus includes an electrophotographic copying machine, 
an electrophotographic printer (for example, LED print- 
er, laser beam printer, and the like), an electrophoto- 
graphic facsimile apparatus, an electrophotographic 
word processor, and the like. 

[0003] A process cartridge is a cartridge which inte- 
grally comprises a charging means, a developing mean- 
ing or a cleaning means, and an electrophotographic 
photosensitive member, and is removably installable in 
the -main assembly of an electrophotographic image 
forming apparatus; or a cartridge which integrally com- 
prises at least a developing means, and an electropho- 
tographic photosensitive member, and is removable in- 
stallable in the main assembly of an image forming ap- 
paratus. 

[0004] In the past, an image forming apparatus which 
employed an electrophotographic image formation 
process employed a process cartridge system, accord- 
ing to which an electrophotographic photosensitive 
member, and one or a plurality of processing means 
which works on the electrophotographic photosensitive 
member, are integrally assembled in the form of a car- 
tridge removably installable in the main assembly of an 
image forming apparatus. Also according to this process 
cartridge system, the maintenance for an image forming 
apparatus can be performed by a user him/her self; the 
user does not need to rely on a service person for the 
maintenance. Therefore, the employment of a process 
cartridge system drastically improved the operational ef- 
ficiency of an image forming apparatus. As a result, a 
process cartridge system has been widely used in the 
field of the image forming apparatus. 
[0005] In the case of an image forming apparatus 
such as the above described electrophotographic image 
forming apparatus which employs a process cartridge 
system, a user him/herselt must exchange a cartridge. 
Therefore, the image forming apparatus is provided with 
a means for informing the user of developer depletion, 
for example, an developer amount detecting apparatus. 
[0006] In the past, in order to detect the amount of 
developer remainder, a pair of electrodes in the form of 
a rod are placed in the developer container of a devel- 
oping means, and the amount of the developer in the 
developer container was determined by detecting the 
changes which occurred to the eletrostatic capacity be- 
tween the two electrodes. 

[0007] Japanese Laid-Open Patent Application No. 
100571/1993 discloses a developer amount detecting 
apparatus, which employs a developer amount delect- 
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ing member comprising two electrodes placed in the 
same plane in parallel to each other, one being in the 
shape of a "U", and the other being in the shape of a "I" 
so that they can be coupled on the same plane. This 

5 developer amount detecting member is located at the 
bottom portion of the developer container. This devel- 
opment amount detecting apparatus detects the amount 
of remaining developer by detecting the fluctuation in 
the electrostatic capacity between the parallel elec- 

10 trodes placed in the same plane. 

[0008] However, the above described developer 
amount detecting apparatus is of a type which detects 
the presence (absence) of the developer within the de- 
veloper container. More specifically, it is of a type that 

IS detects the developer shortage only immediately before 
the depletion of the developer within the developer con- 
tainer. In other words, it is not enabled to continuously 
detect how much developer remained in the developer 
- container. 

20 [0009] Thus, if it is possible to continuously delect the 
amount of the developer remaining in the developer 
container, a user can know the state of developer usage 
in the developer container, which makes it possible for 
the user to prepare a new process cartridge for ex- 

25 change. This is very convenient for the user 

SUMMARY OF THE INVENTION 

[0010] The primary object of the present invention is 

30 to provide an image developing apparatus, a process 
cartridge, and an electrophotographic image forming 
apparatus, which are capable of continuously detecting 
the amount of the developer remainder, and a develop- 
ing apparatus usable for a process cartridge and an 

35 electrophotographic image forming apparatus. 

[0011] Another object of the present invention is to 
provide an electrophotographic image forming appara- 
tus, which comprises a developer amount detecting 
means capable of continuously detecting the amount of 

40 the developer remainder in accordance with the con- 
sumption of the developer within the developer contain- 
er, to offer more convenience to a user in terms of usage, 
as well as a process cartridge, a developing apparatus, 
and a development unit frame, which are compatible 

45 with the above electrophotographic image forming ap- 
paratus. 

[0012] Another object of the present invention is to 
provide a development unit frame belter designed for 
improving the aforementioned process cartridge and 

50 developing apparatus in terms of quality and assembly 
efficiency, and also, installing the developer amount de- 
tecting means, or the like, capable of continuously de- 
tecting the amount of the developer in the development 
chamber in accordance with the developer consump- 

55 lion, into the aforementioned process cartridge or de- 
veloping apparatus. 

[0013] According to an aspect of the present inven- 
tion, a developing apparatus, a process cartridge, or an 
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electrophotographic image forming apparatus which 
employs a developing apparatus and a process car- 
tridge, comprises: a first electrically conductive portion; 
a second electrically conductive portion opposing the 
first electrically conductive portion to provide electro- s 
static capacity between the first and second electrically 
conductive portions; a first electrical contact for receiv- 
ing the voltage to be applied to the first electrically con- 
ductive portion, from the electrophotographic Image 
forming apparatus main assembly; and a second elec- 
trical contact for transmitting to the electrophotographic 
image forming apparatus main assembly, electrical sig- 
nals generated in accordance with the electrostatic ca- 
pacity provided between the first and second electrically 
conductive portions, as voltage is applied to the first f5 
electrically conductive portion, in order to enable the 
electrophotographic image forming apparatus main as- 
sembly to detect the amount of the remaining developer. 
[0014] These and other objects, features and advan- 
tages of the present invention will become more appar- 20 
ent upon a consideration of the following description of 
the preferred embodiments of the present Invention tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

[0015] Figure 1 is a schematic vertical sectional view 
of an example of an electrophotographic image forming 
apparatus in accordance with the present invention, and 
depicts the general structure thereof. ^0 
[0016] Figure 2 is an external perspective view of the 
electrophotographic image forming apparatus in ac- 
cordance with the present invention. 
[0017] Figure 3 is a vertical cross sectional view of a 
process cartridge in accordance with the present inven- 3S 
tion. 

[001 8] Figure 4 is an external perspective view of the 
process cartridge in accordance with the present inven- 
tion as seen from the bottom side. 

[0019] Figure 5 is an external perspective view of the 40 
cartridge installation chamber in the main assembly of 
the process cartridge in accordance with the present in- 
vention. 

[0020] Figure 6 is a perspective view of the partially 
disassembled development unit frame, and depicts an 45 
example of the structural configuration for connecting 
electrodes of the developer amount detecting apparatus 
in accordance with the present invention. 
[0021] Figure 7 is a graph which shows the relation- 
ship between the toner amount and electrostatic capac- -50 
ity in the developer amount detecting apparatus in ac- 
cordance with the present Invention. 
[0022] Figure 8 is a perspective view of the first and 
second electrodes In the developer amount detecting 
apparatus in accordance with the present invention. 55 
[0023] Figure 9 is a vertical cross-sectional view of an- 
other example of the process cartridge in accordance 
with the present invention. 
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[0024] Figure 10 is a vertical cross-sectional view of 
another example of the process cartridge in accordance 
with the present invention. 

[0025] Figure 1 1 is a perspective view of the develop- 
ment unit frame, and depicts how the first and second 
electrodes are attached to the development unit frame. 
[0026] Figure 1 2 is a perspective view of the develop- 
ment unit frame, and depicts another way the first and 
second electrodes are attached to the development unit 
frame. 

[0027] Figure 13 is a vertical cross-sectional view of 
the process cartridge in accordance with the present in- 
vention, and depicts how the developer Is circulated in 
the development chamber. 

[0028] Figure 14 Is a vertical cross-sectional view of 
the process cartridge in accordance with the present in- 
vention, and depicts how the developer is circulated in 
the development chamber. 

[0029] Figure 15 is a vertical cross-sectional view of 
the process cartridge in accordance with the present in- 
vention, and depicts how the developer Is circulated in 
the development chamber. 

[0030] Figure 16 is a vertical cross-sectional view of 
the process cartridge in accordance with the present in- 
vention, and depicts how the developer Is circulated in 
the development chamber. 

[0031] Figure 17 Is a vertical sectional view of the 
process cartridge in another embodiment of the present 
invention. 

[0032] Figure 1 8 is a perspective view of the develop- 
ment unit frame In the first embodiment of the present 
invention, and depicts how the first and second elec- 
trodes are attached to the development unit frame. 
[0033] Figure 19 is a vertical sectional view of the 
process cartridge in another embodiment of the present 
invention. 

[0034] Figure 20 Is a vertical sectional view of the 
process cartridge in another embodiment of the present 
invention. 

[0035] Figure 21 is a vertical sectional view of the 
process cartridge in another embodiment of the present 
invention. 

[0036] Figure 22 is the diagram of the developer 
amount detection circuit for the developer amount de- 
tecting apparatus in the first embodiment of the present 
Invention. 

[0037] Figure 23 is a schematic drawing of an exam- 
ple of a developer amount gauge. 
[0038] Figure 24 is a schematic drawing of another 
example of a developer amount gauge. 
[0039] Figure 25 is a vertical sectional view of the 
process cartridge in another embodiment of the present 
invention. 

[0040] Figure 26 is a longitudinal sectional view of a 
process cartridge according to an embodiment of the 
present invention. 

[0041] Figure 27 is the diagram of the developer 
amount detection circuit for the developer amount de- 
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tecting apparatus in the another embodiment of the 
present invention. 

[CX>42] Figure 28 is a graph which depicts the devel- 
oper amount detection principle in accordance with the 
present invention. 

[0043] Figure 29 is a vertical cross-sectional view of 
the process cartridge in another embodiment of the 
present invention. 

[0044] Figure 30 is a vertical sectional view of an ex- 
ample of a developing apparatus equipped with the de- 
veloper amount detecting apparatus in accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Hereinafter, an image developing apparatus, a 
process cartridge, an electrophotographic image form- 
ing apparatus, and a development unit frame, which are 
in accordance with the present invention will be de- 
scribed in more detail with reference to the appended 
drawings. 

Embodiment 1 

[0046] First, referring to Figure 1, an example of an 
electrophotographic image forming apparatus in which 
a process cartridge configured in accordance with the 
present invention is installable will be described. The 
electrophotographic image forming apparatus in this 
embodiment is an electrophotographic laser beam print- 
er, which forms images on various recording media, for 
example, recording paper, OHP sheet, fabric, and the 
like, with the use of an electrophotographic image for- 
mation process. 

[0047] A laser beam printer A is provided with an elec- 
trophotographic photosensitive member in the form of a 
drum, that is, a photosensitive drum 7. The photosensi- 
tive drum 7 is charged by a charge roller 8, i.e., a charg- 
ing means. Then, a laser beam modulated with image 
data is projected onto the photosensitive drum 7, from 
an optical means 1 comprising a laser diode 1a, a pol- 
ygon mirror lb, a lens 1c, and a deflection mirror Id." As 
a result, a latent image is formed on the photosensitive 
drum 7 in correspondence to the image data. This latent 
image is developed into a toner image, i.e., a visible im- 
age, by a developing means 9. 

[0048] Referring to Figure 3. which makes il easier to 
understand the following description, the developing 
means 9 is provided with a development chamber 9A in 
which a development roller 9a as a developer bearing 
member is disposed. The developer in a developer con- 
tainer 11 A, as a developer storage portion, located next 
to the development chamber 9A is sent to the develop- 
ment roller 9a by the rotation of a developer sending 
member 9b. In the development chamber 9A, a devel- 
oper stirring member 9e is disposed adjacent to the de- 
velopment roller 9a. to circulate the developer in the de- 



velopment chamber 9A. The development roller 9a con- 
tains a stationary magnet 9c. As the development roller 
9a is rotated, the developer is borne and carried by the 
peripheral surface of the development roller 9a. Then, 

5 as the development roller 9a is rotated further, the de- 
veloper on the development roller 9a is regulated by a 
development blade 9d into a developer layer with a pre- 
determined thickness, while being triboelectrically 
charged, and is delivered to the image developing area. 

10 In this image developing area, the developer is trans- 
ferred from the development roller 9a onto the latent im- 
age on the photosensitive drum 7. As a result, a toner 
image is formed on the photosensitive drum 7. The de- 
velopment roller 9a is connected to a development bias 

^5 circuit so that development bias is applied to the devel- 
opment roller 9a. Normally, the development bias is 
compound bias comprising AC voltage and DC voltage. 
[0049] Meanwhile, a piece of recording medium 2 is 

- - conveyed from a sheet feeder cassette 3a, which stores 

20 plural sheets of recording medium 2, to an image trans- 
fer area by a combination of a pickup roller 3b, conveyer 
roller pairs 3c and 3d, and a registration roller pair 3e, 
in synchronism with the progress of the toner image for- 
mation. In the transfer area, a transfer roller 4 as an im- 

25 age transferring moans is disposed, and as voltage is 
applied to the transfer roller 4, the toner image on the 
photosensitive drum 7 is transferred onto the recording 
medium 2. 

[0050] After the transfer, the recording medium 2 is 

30 conveyed to a fixing means 5 along a conveyer guide 
3f. and passed through the fixing means 5, which com- 
prises a driving roller 5c. and a fixing roller 5b containing 
a heater 5a. As the recording medium 2 is passed 
through the fixing means 5, the toner image having been 

35 transferred onto the recording medium 2 is fixed to the 
recording medium 2 with the application of heat and 
pressure from the fixing means 5. 
[0051] Thereafter, the recording medium 2 is ad- 
vanced further, is passed through a reversal path 3j, and 

40 then, is discharged into a delivery tray 6, by discharge 
roller pairs 3g, 3h and 3i. The delivery tray 6 is located 
at the top of the main assembly 14 of the laser beam 
printer A. i.e. , an electrophotographic image forming ap- 
paratus. It should be noted here that the recording me- 

45 dium 2 can be discharged from the apparatus main as- 
sembly 14, without going through the reversing path 3j, 
by activating a flapper 3k. In such a case, the recording 
medium 2 is discharged by a discharge roller pair 3m. 
In this embodiment, the aforementioned pickup roller 

50 3b, conveyer roller pairs 3b, 3c and 3d, and registration 
roller pair 3e, conveyance guide 3f. discharge roller 
pairs 3g, 3h and 3i, and discharger roller pair 3m, make 
up the conveying moans. 

[0052] After the toner image transfer onto the record- 
55 ing medium 2 by the transfer roller 4, the photosensitive 
drum 7 is cleaned by a cleaning means 10; the devel- 
oper remaining on the photosensitive drum 7 is removed 
by the cleaning means 10. Then, the photosensitive 




drum 7 is reused for the following cycle of image forma- 
tion process. The cleaning means 1 0 comprises an elas- 
tic cleaning blade 10a placed in contact with the photo- 
sensitive drum 7. It scrapes away the toner remaining 
on the photosensitive drum 7 from the photosensitive 5 
drum 7, and collects it into a waste toner bin 10b. 
[0053] Referring to Figure 3, the process cartridge B 
in this embodiment is an integral assembly of various 
frames and components therein. In production, a devel- 
opment unit (which makes up the developing apparatus io 
portion) is formed by a welding a developer storage 
frame 11 comprising a developer container (developer 
storage portion) for storing the developer, and a devel- 
oper conveying member 9b, to a development unit 
frame 1 2 which holds the developing means 9 made up ^5 
of the development roller 9a, development blade 9d, and 
the like. Then, the process cartridge B is completed by 
integrally uniting this development unit with a cleaning 
unit frame 13 in which the photosensitive drum 7, the 
cleaning means 10 made up of the cleaning blade 10a 
and the like, and the charger roller 8, are disposed. 
[0054] The process cartridge B is rendered removably 
installable in the cartridge installing means with which 
the main assembly 14 of an electrophotographic image 
forming apparatus is provided. The cartridge installing ^5 
means in this embodiment is made up of a guiding 
means 1 3R (1 3L) formed as a part of the external right 
(left) wall of the process cartridge B (Figure 4), and guide 
portions 16R (16L) (Figure 5) formed as a part of the 
apparatus main assembly 14, in which the guiding 30 
means 13R (13L) is insertable. 

[0055] Further, the process cartridge B in this embod- 
iment is provided with a developer amount detecting ap- 
paratus as a means capable of continuously detecting 
the amount of the developer remainder in the develop- 3S 
ment chamber 9A as the developer in the development 
chamber 9A is consumed. 

[0056] Referring to Figure 3, the developer amount 
detecting apparatus in this embodiment comprises first 
and second electrically conductive portions (electrodes) 40 
81 and 82, which are measurement electrodes, and are 
parts of developer detecting portion 80. The electrodes 
81 and 82 are disposed along the development roller 
9a. In order to detect the amount of the developer, volt- 
age is applied to the first electrode 81 or the second ^5 
electrode 82 to induce static electricity between the 
electrodes 81 and 82, so that the amount of the devel- 
oper is calculated from the measurement of the amount 
of the electrostatic capacity between the two electrodes 
81 and 82. In this embodiment, voltage is applied to the 50 
first electrode 81 . This process will be described later in 
detail. 

[0057] The magnetic developer is attracted to the pe- 
ripheral surface of the development roller 9a by the mag- 
netic roller 9c contained in the developer roller 9a, and 55 
is borne on the peripheral surface of the development 
roller 9a as the developer 9a is rotated. Then, as the 
development roller 9a is rotated further, the magnetic 
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developer on the development roller 9a is scraped by 
the development blade 9d. As a result, an even layer of 
the magnetic developer is formed on the peripheral sur- 
face of the development roller 9a. 
[0058] The first and second electrodes 81 and 82 are 
positioned so that the excessive developer scraped 
away from the development roller 9a enters between 
them. 

[0059] The dielectric constant of developer is greater 
than that of air. Therefore, when there is developer be- 
tween the first and second electrodes 81 and 82, the 
electrostatic capacity between the two electrodes is 
greater than when not. In other words, when a sufficient 
amount of developer is in the development chamber 9A, 
a larger electrostatic capacity is provided between them 
than when not, because, when a sufficient amount of 
developer is in the development chamber 9A, the afore- 
mentioned developer scraped away from the develop- 
ment roller 9a continuously enters between the first and 
second electrodes 81 and 81 . Then, as the developer 
in the development chamber 9A is consumed, the 
amount of the developer which enters between the elec- 
trodes 81 and 82 gradually decreases, which in turns 
reduces the electrostatic capacity between them. Thus, 
the developer amount detecting apparatus continuously 
detects the developer amount by detecting the change 
in the electrostatic capacity between the two electrodes. 
Figure 7 schematically shows this concept, which will 
be described later in detail. 

[0060] In order to improve the accuracy with which the 
developer amount is continuously detected, all that is 
necessary is to increase the amount of change in the 
aforementioned electrostatic capacity, by increasing the 
sizes of the first and second electrodes 81 and 82. In 
particularly, it is desired that the widths of the opposing 
surfaces of the first and second electrodes 81 and 83 
are rendered greater than the distance between the two 
electrodes. 

[0061] Referring to Figure 11 - 18, which will be helpful 
to better understand this embodiment, the first and sec- 
ond electrodes 81 and 82 in this embodiment are long 
and narrow members which extend in the longitudinal 
direction of the development roller 9a. They are formed 
of electrically conductive material such as stainless 
steel (SUS), iron, phosphor bronze, aluminum, electri- 
cally conductive resin, and the like, which are identical 
in terms of electrode function. However, in this embod- 
iment, nonmagnetic metallic material such as nonmag- 
netic SUS was employed to prevent the electrode ma- 
terial from affecting developer circulation. 
[0062] More specifically, in this embodiment, the first 
electrode 81 was formed of nonmagnetic SUS, and was 
14 mm in width (W1), and 0.3 mm in thickness (tl). The 
second electrode 82 was formed of nonmagnetic SUS, 
and was 1 7 mm in width (W2), and 0.5 mm in thickness 
(t2). Arranging these electrodes along and in parallel to 
the development roller 9a in the longitudinal direction 
produced good results. The configurations of the etec- 
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trodes 81 and 82 need not be limited to particular one. 
However, arranging the electrodes 81 and 82 non-par- 
allel so that the gap between the two electrodes be- 
comes wider on the side from which the developer en- 
ters than on the inward side 85. as shown in Figure 3, 
provides good results. 

[0063] Further, in order to increase the surface areas 
of the electrodes 81 and 82, the electrodes 81 and 82 
may be formed on a corrugated, or embossed sheet of 
material, as shown in Figure 8. If it is impossible to se- 
cure a space for larger electrodes, because of design 
related reasons, or if it is desired to reduce the cost, ei- 
ther the first electrode 81 or the second electrode 82 
may be formed in the form of a round rod as illustrated 
in Figures 9 and 10, which show the examples of such 
arrangement, and in which the first and second elec- 
trodes, respectively, are in the form of a round rod. Al- 
though the number of the rod in the examples illustrated 
in Figures 9 and 10 is singular, it may be plural. 
[0064] Next, the positioning of the electrodes 81 and 
82 in the longitudinal direction will be described. In terms 
of the longitudinal direction of the development roller 9a, 
the first and second electrodes 81 and 82 may be ex- 
tended to a length approximately the same as the length 
of the imago formation range, to increase the aforemen- 
tioned electrostatic capacity so that the detection accu- 
racy is improved. When the detection accuracy is of 
somewhat less concern, a pair of narrower electrodes, 
in terms of the longitudinal direction, may be disposed 
at either the center, or figure, portion of the image for- 
mation range to reduce the cost. In the case of such an 
arrangement, however, it is not possible to detect wheth- 
er or not the developer is unevenly distributed in terms 
of the longitudinal direction. In order to solve such a 
problem, it is desired that a combination of narrow elec- 
trodes 81 and 82 be positioned at each of a plurality of 
locations; for example, the center and both fingers as 
shown in Figure 12. 

[0065] Next, referring to Figure 1 3 - 16, the developer 
circulation within the development chamber 9A will be 
described. 

[0066] When a process cartridge, more specifically, 
the developing apparatus portion of the process car- 
tridge, in accordance with the present invention, is used 
for the first time, no developer is present between the 
first and second electrodes 81 and 82, although a suffi- 
cient amount of developer T is present in the develop- 
ment chamber 9A. In this situation, first, the developer 
T in the development chamber 9A is sent toward the de- 
velopment roller 9a by the stirring member 96^ and then, 
is attracted to the peripheral surface of the development 
roller 9a Then, as the development roller 9a is rotated, 
the developer is borne on the peripheral surface of the 
development roller 9a. As the development roller 9a is 
rotated further, the developer on the peripheral surface 
of the development roller 9a is leveled, that is, the ex- 
cess amount of the developer on the peripheral surface 
of the development roller 9a is scraped away, and as it 



is scraped away, it enters between the first and second 
electrodes 81 and 82, as illustrated in Figure 13. 
[0067] As the developer T continues to enter into the 
gap between the first and second electrodes 81 and 82. 

s the gap is filled with the developer T which enters the 
gap, as illustrated in Figure 14. At this point, however, 
the development chamber 9A is still full of the developer 
T. Therefore, once the developer T enters the gap 
through the entrance 84, that is, the bottom side of the 

10 gap between the electrodes 81 and 82, it is blocked by 
the developer T in the development chamber 9A. There- 
fore, it does not occur until the amount of the developer 
T in the development chamber 9A reduces by a sub- 
stantial amount that the developer T between the elec- 

is trodes 81 and 82 free falls out of the gap between the 
two electrodes due to gravity or the like. In other words, 
when there is a sufficient amount of the developer T in 
the development chamber 9A, the gap between the first 
and second electrodes 81 and 82 is filled when the de- 

20 veloper T, and therefore, the electrostatic capacity be- 
tween the two electrodes is high. 

[0068] Referring to Figure 15, as the amount of the 
developer T in the developer container 11 A and devel- 
opment chamber 9A reduces due to the developer con- 

25 sumption, the portion of the developer which has been 
blocking the entrance (also, exit) 84 moves away from 
the entrance 84, allowing the developer T between the 
first and second electrodes 81 and 82 to free fall in the 
gravity direction due to its own weight. Some portion of 

30 the developer T which free falls may be attracted to the 
development roller 9a by the magnetic fore as it falls, 
whereas the other may simply fall all the way to join the 
rest of the developer T in the development chamber 9A 
to be supplied again to the development roller 9a. Also, 

35 in certain class the developer T between the two elec- 
trodes is caused to directly return to the peripheral sur- 
face of the development roller 9a by the magnetic force. 
[0069] In the situation illustrated in Figure 15, the 
amount of the developer in the development chamber 

40 9A has become small enough to allow the developer be- 
tween the electrodes 81 and 82 to come out from be- 
tween them. However, the developer still remains in the 
development chamber 9A by an amount sufficient to 
make it necessary for the developer to be scraped away 

45 from the development roller 9a by the development 
blade 9b to be supplied into the gap between the first 
and second electrodes 81 and 82, and therefore, the 
amount of the developer between the electrodes 81 and 
82 gradually reduces in accordance with the amount of 

50 the developer remaining in the development chamber 
9A. 

[0070] In the last stage of toner consumption in the 
process cartridge B, that is, after the developer in the 
developer container 11 A and development chamber 9A 
55 has been virtually entirely consumed, the developer 
which remains adjacent to the tip of the development 
blade 9d for scraping away the excess amount of the 
developer layer on the peripheral surface of the devel- 




opment roller 9a, that is, the developer remaining be- 
tween the development roller 9a and first electrode 82 
is consumed until the developer is completely depleted 
(END state). During this stage, the resultant prints tend 
to suffer from white spots. 

[0071] As is evident from the above description, ac- 
cording to this embodiment, the amount of the developer 
in the development chamber 9A is determined by meas- 
uring the amount of the developer between the first and 
second electrodes 81 and 82, which can be continuous- 
ly detected by measuring the eletrostatic capacity be- 
tween the electrodes 81 and 82. 
[0072] Also according to this embodiment, the struc- 
ture configuration adjacent to the electrodes 81 and 82 
is such that the gap between the first and second elec- 
trodes 81 and 82 is provided with no opening at the in- 
ward end 85; the gap is provided with only one opening 
84, which serves as the entrance as well as the exit. 
Therefore, widening the gap between the electrodes 81 
and 82, on the side of the developer entrance 84 (also, 
exit), as described above, is effective to allow the devel- 
oper to easily enter, or come out from, between the two 
electrodes. 

[0073] However, if the amount of the developer 
scraped away from the peripheral surface of the devel- 
opment roller 9a by the development blade 9b per unit 
of time increases because of the increase in the rota- 
tional speed of the development roller 9a, or the like, the 
amount of the developer entering between the first and 
second electrodes 81 and 82 also increases, and some- 
times, the developer becomes packed herein. If this 
packing occurs, the developer between the electrodes 
81 and 32 cannot circulates, and in this situation, the 
self weight of the developer, and/or the magnetic force, 
is not large enough to cause the packed developer to 
free fall from between the two electrodes, and therefore, 
the electrostatic capacity between the two electrodes 81 
and 82 does not change, which makes it impossible to 
detect the developer amount. This phenomenon is most 
likely to occur under a highly humid ambience in which 
it is easier for the developer to absorb moisture. 
[0074] Figure 17 depicts a structural configuration as 
a solution to the above described problem of developer 
packing; according to which an opening 85a, i.e., an exit, 
is provided, in addition to the opening 84. i.e., the en- 
trance-exit, on the most inward side 85 of the gap be- 
tween the electrodes 81 and 82, to allow the developer 
to pass between the electrodes 81 and 82, so that the 
developer which enters the gap between the two elec- 
trodes does not become packed therein. 
[0075] Next, the structure for attaching the first and 
second electrodes 81 and 82 to the developing appara- 
tus portion of the process cartridge B will be described. 
[0076] The developer amount detecting portion 80 
comprising the first and second electrodes 81 and 82 
determines the developer amount by detecting the elec- 
trostatic capacity between the two electrodes 81 and 82. 
Therefore, the positional accuracy of the electrodes is 
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extremely important. Further, since the primary object 
of the present invention is to accurately predict the time 
when toner depletion, which results in various while 
spots, occurs, the electrodes 81 and 82 should be po- 
5 sitioned in the adjacency of the development roller 9a 
where the developer remains until it is depleted. 
[0077] Thus, in this embodiment, the first and second 
electrodes 81 and 82 are attached to the development 
unit frame 12, as shown in Figure 18. As for the means 

10 for attaching the first and second electrodes 81 and 82, 
screws, adhesive, crimping, insert molding, or the like, 
may be used. With the employment of the above de- 
scribed structural arrangement, the electrodes 81 and 
82 can be accurately positioned so that the distance be- 

is tween the first and second electrodes 81 and 82 is pre- 
cisely set. Further, the positioning of the first and second 
electrodes 81 and 82 in the adjacency of the develop- 
ment roller 9a makes it possible to very closely detect 
the time when the developer runs out. 

20 [0078] The first and second electrodes 81 and 82 in 
this embodiment are formed, of nonmagnetic SUS, in- 
dependently from the development unit frame 12, and 
then, are attached thereto with an appropriate means, 
as described above. However, the electrodes 81 and 82 

25 may be directly formed on the development unit frame 
12 with the use of such a process as vapor deposition 
or printing, or may be built into the development unit 
frame 12, as electrically conductive portions, with the 
use of a combination of electrically conductive resin and 

30 two color molding Compared to the design in this em- 
bodiment in which the electrodes and development unit 
frame are manufactured independently from each other, 
these alternative designs are much smaller in terms of 
attachment error and/or component size error, and 

3S therefore, their employment can improves the position- 
ing accuracy for the electrodes. 

[0079] Further, when necessary, for example, in a 
case that the development unit frame 12 is small, the 
design of the process cartridge B may be modified so 

40 that the first and second electrodes 81 and 82 are at- 
tached to the front wall 11a of the developer container 
11 A, as shown in Figure 19. In this case, the electrodes 
81 and 82 can be accurately positioned. 
[0080] Further, the process cartridge B design may be 

4S modified as shown in Figure 20. (n this case, the second 
electrode 82 is attached to the development unit frame 
12, and the first electrode 81 is attached to the front wall 
1 1 a of the developer container 11 A, so that the first and 
second electrodes 81 and 82 oppose each other as the 

50 development unit frame 12 is joined with the developer 
container 11 A. This arrangement affords more latitude 
in terms of the frame structure design for the process 
cartridge B. 

[0081] In the preceding portions of this specification, 
55 the structural arrangement for continuously detecting 
the developer amount was described with reference to 
a case in which magnetic developer was used as the 
developer for the process cartridge B. However, the 
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present invention is also applicable to various process 
cartridges comprising a developing apparatus portion 
which employs nonmagnetic developer. 
[0082] In the case of a developing apparatus structure 
which ennploys nonmagnetic developer, a developer 
coating roller 86 is used as a means for supplying the 
development roller 9a with the developer. The roller 86 
is an elastic member formed of sponge or the like, and 
is rotated in the counter direction to the development 
roller 9a, in contact with the development roller 9a. The 
developer is coated on the development roller 9a by the 
electrostatic force (measured in coulomb) generated by 
the contact. Immediately prior to the complete depletion 
of the developer T, the developer T remains above the 
interface between the development roller 9a and devel- 
oper coating roller 86. Thus, positioning the first and 
second electrodes 81 and 82 in the adjacency of the ar- 
ea above this interface makes it possible to continuously 
detect the developer amount as in the process cartridge 
B which employs magnetic developer. 
[0083] Next, referring to Figures 4 - 6, this embodi- 
ment of the present invention will be described regard- 
ing the structural arrangement for connecting the elec- 
trodes 81 and 82 with the electrical contacts on the elec- 
trophotographic imago forming apparatus main assem- 
bly 14 side. 

[0084] In this embodiment, the first and second elec- 
trodes 81 and 82 are provided with projections 81 a and 
82a, respectively, as shown in Figure 6. These projec- 
tions 81a and 82a are inserted in the correspondent 
through holes 1 2a and 1 2b with which the development 
unit frame 12 is provided, when the first and second 
electrodes 81 and 82 are attached to the development 
unit frame 12. 

[0085] The development unit frame 12 is provided 
with a holder 90, which is fixed to the development unit 
frame 12, at one of the longitudinal end. The holder 90 
rotatively supports the development roller 9a with the 
interposition of a bearing. The holder 90 is provided with 
a first electrical contact 91 and a second electrical con- 
tact 92. The contact portions 91a and 92a, that is, the 
free ends, of the first and second electrical contacts 91 
and 92, respectively, become connected to the afore- 
mentioned projections 81a and 82a of the first and sec- 
ond electrodes 81 and 82, respectively, as the holder 90 
is fixed to the development unit frame 12, at one ot the 
longitudinal ends. 

[0086] The contact portions 91 b and 92b. that is. the 
ends opposite to the aforementioned free ends, of the 
first and second electrical contacts 91 and 92 are fixed 
to the holder 90, being exposed from the outward sur- 
face of the holder 90 so that, as the process cartridge B 
is installed into the apparatus main assembly 14, they 
become electrically connected to the contacts 17 and 
18 (Figure 5), respectively positioned in the apparatus 
main assembly 14. 

[0087] With the provision of the above described 
structural configuration, as the process cartridge B is in- 



stalled into the main assembly 14 of an electrophoto- 
graphic image forming apparatus, voltage is applied 
from the electrophotographic image forming apparatus 
main assembly 14 to the first electrode 81 through the 

s first electrical contact 91 , and the voltage induced in the 
second electrode 82, which is in accordance with the 
electrostatic capacity between the electrodes 81 and 82, 
is outputted to the electrophotographic image forming 
apparatus main assembly 14 through the second elec- 
ts trical contact 92. Of course, it is possible that voltage be 
applied from the electrophotographic image forming ap- 
paratus main assembly 14 to the second electrode 82 
through the first electrical contact 92, and the voltage 
induced in the first electrode 81 be outputted to the e\ec- 

15 trophotographic image forming apparatus main assem- 
bly 14 through the second electrical contact 92. 
[0088] Next, referring to Figure 22. an embodiment of 
the above described principle In the form of a developer 
amount detecting apparatus will be described further. 

20 Figure 22 is an example of a diagram of a developer 
amount detection circuit, inclusive of the connection be- 
tween the circuit and the developer amount detecting 
portion 80 provided with the first and second electrodes 
81 and 82, in the image forming apparatus. 

25 [0089] The detecting portion 80, which has an elec- 
trostatic capacity Ca which fluctuates in accordance 
with the change in the developer amount, comprises an 
input electrode as an impedance element, that is, the 
first electrode 81 in this embodiment, and an output 

30 electrode, that is, the second electrode 82 in this em- 
bodiment. The input electrode is connected to a devel- 
opment bias circuit 1 01 , as a development bias applying 
means, through the first electrical contact 91. and the 
output electrode is connected to the control circuit 102 

35 of the developer amount detection circuit 100 through 
the second electrical contact 92. A referential capacity 
element (Cb) is also connected to the development bias 
circuit 101, and establishes a reference voltage VI for 
detecting the amount of the remaining developer, with 

40 the use of the AC current 11 applied through the bias 
circuit 101. It is obvious that, as the process cartridge B 
is installed into the apparatus main assembly 14, the 
contact 1 9 (unillustrated in Figure 5) disposed in the ap- 
paratus main assembly 1 4 makes electrical contact with 

45 the contact portion 93a of the electrical contact 93 of the 
development roller 9a, and as a result, development bi- 
as is applied to the development roller 9a from the bias 
circuit 101. 

[0090] The control circuit 102 establishes the refer- 
50 ence voltage VI by adding the amount V2 of the voltage 
drop caused by an AC current II', that is, a current 
shunted by a volume VR1 from the AC current 1 1 applied 
to the reference impedance element, and a resistor R2, 
to voltage V3 established by resistors R3 and R4. 
55 [0091] Therefore, an AC current 12 applied to the de- 
veloper amount detecting portion 80 is inputted into an 
amplifier 1 03, and then, is outputted as a voltage V4 (VI 
- 12 X R5) which represents the amount of the remaining 
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developer. Then, its output value is used as the value of 
the detected amount of the remaining developer 
[0092] The image forming apparatus in this embodi- 
ment prompts a user to prepare a new process cartridge 
or a developer supply cartridge, by displaying the con- 
sumed amount of the developer determined based on 
the information obtained by continuously detecting the 
developer amount between the first and second elec- 
trodes 81 and 82, and also prompts a user to exchange 
the process cartridge, or replenish the process cartridge 
with a fresh supply of developer, by displaying "OUT OF 
DEVELOPER' in accordance with the detected deple- 
tion of the developer by the aforementioned continuous 
detection. 

[0093] Regarding the method for displaying the devel- 
oper amount, the information obtained by the aforemen- 
tioned developer amount detecting apparatus is dis- 
played on the monitor screen of a user's personal com- 
puter or the like, as shown in Figures 23 and 24; a user 
is informed of the developer amount by observing the 
point on a gauge 42 indicated by a hand (needle) 41 
which moves in accordance with the developer amount. 
[0094] The image forming apparatus main assembly 
itself may be provided with a display panel, such as an 
LED based display panel 43 shown in Figure 25, which 
flashes at a position correspondent to the developer 
amount. 

Embodiment 2 

[0095] Figure 26 depicts another embodiment of the 
present invention. The developing apparatus in the 
process cartridge B in this embodiment is provided with 
a third electrically conductive portion (electrode) 83 as 
the measuring member for the developer amount de- 
tecting portion 80 Otherwise, it is substantially the same 
in structure as the one in the process cartridge B in the 
first embodiment. Thus, the structures and components 
in this embodiment which are the same as those in the 
first embodiment will be given the same referential num- 
bers as those given to the correspondent structures and 
components in the first embodiment, and their detailed 
descriptions will be omitted. 

[0096] In other words, this embodiment is a duplicate 
of the first embodiment in terms of the first and second 
electrically conductive portions (electrodes) 81 and 82, 
their structures and positioning, developer circulation 
between the eleclrbdes 81 and 82, structures surround- 
ing the electrodes 81 and 82, methods for attaching the 
electrodes 81 and 82, and the like. Therefore, the de- 
scriptions for the structures and functions of the dupli- 
cate portions will be omitted. 

[0097] The primary object of the process cartridge 
structure in this embodiment is to accurately detect the 
point in time immediately before the printing errors in the 
form of white spots begin to be seen in finished prints. 
All that is necessary to accomplish this object is to detect 
the developer amount in the area In the process car- 
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tridge B, from which the last supply of the developer is 
consumed. Thus, in this embodiment, the developer 
amount in the immediate adjacencies of the second and 
third electrodes 82 and 83, and the development roller 

5 9a, is detected as described in the description of the first 
embodiment, regarding the developer circulation. 
[0098] In other words, in the case of the developer 
amount detecting apparatus In this embodiment, which 
is illustrated in Figure 26, not only the first and second 

10 electrodes 81 and 82 are positioned as those in the first 
embodiment, but also, an additional electrodes, i.e., the 
third electrode 83, is positioned along the development 
roller 9a. The third electrode 83 is disposed much closer 
to the development roller 9a than the first electrode 83. 

15 [0099] With the provision of the above described 
structural arrangement, as voltage is applied to the first 
electrode 81, static electricity Is induced between the 
first and second electrodes 81 and 82 by an amount of 
Ca, and at the same time, static electricity is also in- 

20 duced between the development roller 9a and third elec- 
trode 83 by the development bias applied to the devel- 
opment roller 9a, by an amount of Cc. The development 
amount is determined by measuring these electrostatic 
capacities Ca and Cc. 

25 [0100] Illustrated in Figure 27 is an example of a de- 
veloper amount detection circuit in this embodiment. 
The overall circuit structure is substantially the same as 
the developer amount detection circuit in the first em- 
bodiment given in Figure 22, with one exception that the 

30 third electrode 83 is disposed In a way to oppose the 
development roller 9a so that static electricity is induced 
between the development roller 9a and third electrode 
83 by the amount of Cc. 

Therefore, the detailed description for this embodiment 

35 will be omitted. 

[0101] Referring to Figure 27, the developer amount 
detection circuit in this embodiment is provided with a 
contact 91 to be connected with the electrode 17 of the 
electrophotographic image forming apparatus main as- 

40 sembly 1 4 to apply voltage to the first electrode 81 , and 
a contact 93 to be connected with the electrode 1 9 of 
the apparatus main assembly 14 to apply the develop- 
ment bias to the development roller 9a. The separate 
provision of these contacts 91 and 93 affords more lat- 

45 itude in design. 

[0102] Further, the voltage to be applied to the first 
electrode 81 is provided from the development bias cir- 
cuit 101, eliminating the need lor an additional power 
source. Therefore, cost increase can be avoided. 

so [0103] Further, the contacts are in the form of a single 
piece, and therefore, there is no stray capacitance, as- 
suring that the electrostatic capacity is accurately meas- 
ured. 

[0104] As described above, in this embodiment, the 
S5 developer amount In the process cartridge B Is accu- 
rately determined by continuously detecting the de- 
crease in the amount of the developer between the elec- 
trodes 81 and 82, and the 'END" of the developer supply 
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in the process cartridge B is accurately detected by de- 
tecting the amount of the developer between the devel- 
opment roller 9a and electrode 83. The relationship be- 
tween the developer amount and the output of the toner 
amount detection circuit is graphically shown in Figure 
28, (a), (b) and (c). 

[0105] Again referring to Figure 27, the first electro- 
static capacity element (Ca) provided by the first and 
second electrodes 81 and 82, and the second electro- 
static capacity element (Cc) provided by the develop- 
ment roller 9a and third electrode 83, are connected in 
parallel, reducing the number of the contacts in the im- 
age forming apparatus main assembly 14 and process 
cartridge B. Therefore, the process cartridge B in this 
embodiment is lower in cost. 

[01 06] Lengthy routing of wiring increases the chance 
that static electricity is induced between the adjacent 
portions of wiring, which in turns reduces detection ac- 
curacy. Thus, reducing the distance electric wiring is 
routed leads to improvement in detection accuracy. 
Therefore, the second and third electrodes 82 and 83 
are desired to be wired as shown in Figure 27. Prefera- 
bly, the second and third electrodes 82 and 83 are inte- 
grally formed to minimize the wiring, so that detection 
accuracy is further improved. In this case, the third elec- 
trode 83 is bent so that the bent portion of the electrode 
83 extends away from the second electrode 32, reduc- 
ing the distance between the third electrode 83 and de- 
velopment roller 9a as described above 

Embodiment 3 

[0107] Figure 30 depicts another embodiment of the 
present invention in the form of a developing apparatus 
cartridge C. 

[0108] The developing apparatus C in this embodi- 
ment is in the form of a cartridge comprising a developer 
carrier such as a development roller 9a, a development 
chamber 9A which contains toner to supply the devel- 
oper carrier with developer, and a plastic development 
unit frame 11 in which the developer carrier and devel- 
opment chamber 9A are contained. In other words, the 
developing apparatus C in this embodiment is consid- 
ered to be a cartridge Version of the developing appa- 
ratus portion of the process cartridge B in the first and 
second embodiment described above, that is, a car- 
tridge formed by eliminating the photosensitive drum 7, 
charging means 8, and cleaning means 10, from the 
process cartridge B. Therefore, all the descriptions giv- 
en to the structures of the developing apparatus portion 
and developer amount detecting means portion, in the 
first and second embodiments, also apply to the devel- 
oping apparatus in this embodiment. Thus, the descrip- 
tion of the structure and function of the developing ap- 
paratus in this embodiment will be omitted here, by re- 
ferring to the preceding descriptions of the first and sec- 
ond embodiment. 

[0109] Needless to say, the developing apparatus in 
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this embodiment may be provided with the third elec- 
trode 83. 

[0110] As is evident from the descriptions of the pre- 
ceding embodiments, according to the present inven- 

5 tion, the amount of the remaining developer can be ac- 
curately and continuously detected. 
[0111] In the preceding embodiments, the amount of 
the remaining developer can be continuously detected 
while the amount of the remaining developer is in a 

10 range from approximately 30 % down to 0 %, provided 
that the entire amount of the developer contained in the 
developer container before a process cartridge is put to 
use for the first time is 100 %. However, the application 
of the present invention does not need to be limited to 

^5 the preceding embodiment. For example, modifications 
may be made so that the amount of the remaining de- 
veloper in the developer container can be continuously 
detected in a range from 50 % down to 0 %, or from 40 
% down to 0 %. It should-be noted here that "0%" does 

20 not means a state of a process cartridge in which the 
developer has been completely depleted; it also in- 
cludes another state of a process cartridge in which the 
amount of the developer in the process cartridge has 
decreased to a point close enough to disable the image 

25 forming apparatus to form images with a predetermined 
level of quality (development quality). 

[Effects of Invention] 

30 [0112] As described above, according to the first as- 
pect of the present invention, a developing apparatus, 
a process cartridge, or an electrophotographic image 
forming apparatus, comprises: a first electrically con- 
ductive portion; a second electrically conductive portion 

35 opposing the first electrically conductive portion; a first 
electrical contact for receiving the voltage to be applied 
to the first electrically conductive portion, from the elec- 
trophotographic image forming apparatus main assem- 
bly; and a second electrical contact for transmitting to 

40 the electrophotographic image forming apparatus main 
assembly, electrical signals generated in accordance 
with the electrostatic capacity provided between the first 
and second electrically conductive portions as voltage 
is applied to the first electrically conductive portion, in 
order to enable the electrophotographic image forming 
apparatus main assembly to detect the amount of the 
remaining developer. According to the second aspect of 
the present invention, a developing apparatus, a proc- 
ess cartridge, and an electrophotographic image form- 

50 ing apparatus, comprises: a first electrically conductive 
portion; a second electrically conductive portion oppos- 
ing the first electrically conductive portion; a first electri- 
cal contact for receiving the voltage to be applied to the 
first electrically conductive portion, from the electropho- 

55 tographic image forming apparatus main assembly; a 
third electrically conductive portion for inducing static 
electricity between the developer carrying member and 
itself as voltage is applied to the third electrically con- 
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ductive portion from the electrophotographic image 
forming apparatus main assembly; and a second elec- 
trical contact for transmitting to the electrophotographic 
image forming apparatus main assembly, compound 
electrical signals comprising electrical signals generat- 
ed in accordance with the electrostatic capacity provid- 
ed between the first and second electrically conductive 
portions as voltage is applied to the first electrically con- 
ductive portion, and electrical signals generated in ac- 
cordance with the electrostatic capacity provided be- 
tween the developer carrying member and third electri- 
cally conductive portion as voltage is applied to the de- 
veloper carrying member, in order to enable the electro- 
photographic image forming apparatus main assembly 
to detect the amount of the remaining developer There- 
fore, the amount of the remaining developer in the de- 
velopment chamber can be continuously detected as 
the developer is consumed. Further, the measurement 
errors, which occur when detecting the amount of the 
remaining developer on the basis of the fluctuation in 
the electrostatic capacity between two electrodes, in an 
unstable ambience, can be eliminated to reduce overall 
detection error. Therefore, a developing apparatus, a 
process cartridge, and an electrophotographic image 
forming apparatus, can be drastically improved in terms 
of convenience. 

[0113] Also, according to the first aspect of the 
present invention, a development unit frame comprises: 
a portion for supporting a developer carrying member 
for conveying developer to an electrophotographic pho- 
tosensitive member to develop an electrostatic latent 
image formed on the electrophotographic photosensi- 
tive member; a portion for supporting a regulating mem- 
ber which regulates the amount of the developer al- 
lowed to remain on the peripheral surface of the devel- 
oper carrying member; a portion for supporting the first 
electrically conductive portion; and a portion for support- 
ing the second electrically conductive portion in such a 
way that the second electrically conductive portion op- 
poses the first electrically conductive portion supported 
by the first electrically conductive portion supporting 
portion. Also, according to the second aspect of the 
present invention, a development unit frame comprises: 
a portion for supporting a developer carrying member 
for conveying developer to an electrophotographic pho- 
tosensitive member to develop an electrostatic latent 
image formed on the electrophotographic photosensi- 
tive member; a portion for supporting a regulating mem- 
ber which regulates the amount of the developer al- 
lowed to remain on the peripheral surface of the devel- 
oper carrying member; a portion for supporting the first 
electrically conductive portion; and a portion for support- 
ing the second electrically conductive portion in such a 
way that the second electrically conductive portion op- 
poses the first electrically conductive portion supported 
by the first electrically conductive portion supporting 
portion; and a portion for supporting the third electrically 
conductive portion in such a way that the third electri- 
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cally conductive portion opposes the developer carrying 
member supported by the developer carrying member 
supporting portion. Therefore, it is assured that a devel- 
oper amount detecting means or the like, which can con- 

5 tinuously detect the amount of the developer remaining 
in the development chamber as the developer is con- 
sumed, is properly attached to the aforementioned de- 
veloping apparatus, process cartridge, or electrophoto- 
graphic image forming apparatus. 

10 [0114] As is evident from the above description of the 
preferred embodiments of the present invention, ac- 
cording to the present invention, it is assured that the 
amount of the remaining developer can be continuously 
detected. 

[0115] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
20 scope of the following claims. 



Claims 

2S 1. A developing device for developing an electrostatic 
latent image formed on an electrophotographic 
photosensitive member, said developing device be- 
ing mountable to a main assembly of an electropho- 
tographic image forming apparatus, said develop- 

30 ing device comprising; 

a developer carrying member for feeding a de- 
veloper to said electrophotographic photosen- 
sitive member to develop the electrostatic la- 

35 tent image formed on the electrophotographic 

photosensitive member; 
a first electroconductive portion; 
a second electroconductive portion for cooper- 
ating with said first electroconductive portion to 

40 provide an electrostatic capacity; 

a first electrical contact for receiving a voltage 
to be applied to said first electroconductive por- 
tion from the main assembly of the electropho- 
tographic image forming apparatus; 

45 a second electrical contact for transmitting, to 

the main assembly of the electrophotographic 
image forming apparatus, an electric signal cor- 
responding to an eleclroslalic capacity be- 
tween said first electroconductive portion and 

so said second electroconductive portion when a 

voltage is applied to said first electroconductive 
portion to detect a remaining amount of the de- 
veloper by the main assembly of the electro- 
photographic image forming apparatus. 

55 

2. A developing device for developing an electrostatic 
latent image formed on an electrophotographic 
photosensitive member, said developing device be- 
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3. 



ing mountable to a main assembly of an electropho- 
tographic image forming apparatus, said develop- 
ing device comprising: 

a developer carrying member for feeding a de- s 
veloper to said electrophotographic photosen- 7. 
sitive member to develop the electrostatic la- 
tent image formed on the electrophotographic 
photosensitive member; 

first electroconductive portion; io 
a second electroconductive portion for cooper- 
ating with said first electroconductive portion to 8. 
provide an electrostatic capacity; 
a first electrical contact for receiving a voltage 
to be applied to said first electroconductive por- ^5 
tion from the main assembly of the electropho- 
tographic image forming apparatus; 
a third electroconductive portion for cooperat- 
ing with said developer carrying member to pro- 9. 
vide an electrostatic capacity when a voltage is 
applied to said developer carrying member 
from the main assembly of said electrophoto- 
graphic image forming apparatus; 10. 
a second electrical contact for transmitting, to 
the main assembly of the electrophotographic 25 
image forming apparatus, a combined electric 
signal of an electric signal corresponding to an 11 . 

electrostatic capacity between said first elec- 
troconductive portion and said second electro- 
conductive portion when a voltage is applied to 
said first electroconductive portion and an elec- 
tric signal corresponding to an electrostatic ca- 
pacity between said developer carrying mem- 
ber and the third electroconductive portion 
when a voltage Is applied to said developer car- 
rying member, to detect a remaining amount of 
the developer by the main assembly of the elec- 
trophotographic Image forming apparatus. 

A device according to Claim 1 or 2, wherein said 
first electroconductive portion and second electro- 
conductive portion are arranged in a longitudinal di- 
rection of a developer carrying member in the form 
of a developing roller. 

A process cartridge according to Claim 1 or 2, 
wherein said first electroconductive portion is dis- 
posed more remote from said developer carrying 
member than said second electroconductive por- 
tion, so 15. 

A device according to Claim 1 or 2, wherein said 
second electrical contact is electrically connected 
with said second electroconductive portion. 

55 

A device according to Claim 1 or 2, wherein the de- 16. 
veloper is fed to between said first electroconduc- 
tive portion and said second electroconductive por- 
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tion, and the developer fed to between said first 
electroconductive portion and said second electro- 
conductive portion is retracted In an entering direc- 
tion. 

A device according to Claim 1 or 2, wherein the de- 
veloper fed to between said first electroconductive 
portion and second electroconductive portion pass- 
es between said first electroconductive portion and 
second electroconductive portion. 

A device according to Claim 1 or 2, wherein said 
first electroconductive portion and second electro- 
conductive portion have a flat-plate-like shape, a 
gap between said first electroconductive portion 
and second electroconductive portion is wider at a 
developer entering side. 

A device according to Claim 1 or 2, wherein said 
first electroconductive portion has a flal-plate-like 
shape. 

A device according to Claim 1 or 2, wherein said 
second electroconductive portion has a flat-plate- 
like shape. 

A device according to Claim 1 or 2, wherein said 
first electroconductive portion has a rod-like shape. 



12. A device according to Claim 1 or 2, wherein said 
second electroconductive portion has a rod-like 
shape. 

13. A process cartridge according to Claim 1, further 
comprising a third electroconductive portion for co- 
operating with said developer carrying member to 
provide an electrostatic capacity when a voltage is 
applied to said developer carrying member from a 
main assembly of said electrophotographic image 
forming apparatus. 

14. A process cartridge according to Claim 1 3, wherein 
when the voltage is applied to said developer car- 
rying member, an electric signal corresponding to 
the electrostatic capacity between said developer 
carrying member and said third electroconductive 
portion is transmitted to the main assembly of said 
electrophotographic Image forming apparatus. 



A device according to Claim 1 or 2, further compris- 
ing a magnet disposed In said developer carrying 
member, and said developer is a magnetic devel- 
oper which is deposited on the surface of said de- 
veloper carrying member. 

A device according to any one of Claims 2-12, 
wherein said third electroconductive portion is con- 
stituted integrally. 
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17. A process cartridge according to Claim 16, wherein 
said third electroconductive portion is at an angle 
relative to said second electroconductive portion. 

18. A device according to Claim 2, 16 or 17, wherein s 
said third electroconductive portion is disposed op- 
posed to said developer carrying member. 

19. A device according to Claim 2, 16, 17 or 18, wherein 
said third electroconductive portion is disposed to 
closer to said developer carrying member than said 
first electroconductive portion and said second 
electroconductive portion. 

20. A process cartridge detachably mountable to a ^5 
main assembly of an electrophotographic image 
forming apparatus, said process cartridge compris- 
ing: 

(a) electrophotographic photosensitive mem- 
ber; and 

(b) a developing device for developing an elec- 
trostatic latent image formed on said electro- 
photographic photosensitive member, said de- 
veloping device including; 



21. A process cartridge detachably mountable to a 
main assembly of an electrophotographic image 
forming apparatus, said process cartridge compris- 55 
ing: 



ber; and 

(b) a developing device for developing an elec- 
trostatic latent image formed on an electropho- 
tographic photosensitive member, said devel- 
oping device including; 

a developer carrying member for feeding a 
developer to said electrophotographic pho- 
tosensitive member to develop the electro- 
static latent image formed on the electro- 
photographic photosensitive member; 
first electroconductive portion; 
a second electroconductive portion for co- 
operating with said first electroconductive 
portion to provide an electrostatic capacity; 
a first electrical contact for receiving a volt- 
age to be applied to said first electrocon- 
ductive portion from the main assembly of 
the electrophotographic image forming ap- 
paratus; 

a third electroconductive portion for coop- 
erating with said developer carrying mem- 
ber to provide an electrostatic capacity 
when a voltage is applied to said developer 
carrying member from the main assembly 
of said electrophotographic image forming 
apparatus; 

a second electrical contact for transmitting, 
to the main assembly of the electrophoto- 
graphic image forming apparatus, a com- 
bined electric signal of an electric signal 
corresponding to an electrostatic capacity 
between said first electroconductive por- 
tion and said second electroconductive 
portion when a voltage is applied to said 
first electroconductive portion and an elec- 
tric signal corresponding to an electrostatic 
capacity between said developer carrying 
member and the third electroconductive 
portion when a voltage is applied to said 
developer carrying member, to detect a re- 
maining amount of the developer by the 
main assembly of the electrophotographic 
image forming apparatus. 

22. A process cartridge according to Claim 20 or 21 , 
wherein said first electroconductive portion and 
second electroconductive portion are arranged in a 
longitudinal direction of a developer carrying mem- 
ber in the form of a developing roller 

23. A process cartridge according to Claim 20 or 21 , 
wherein said first electroconductive portion is dis- 
posed more remote from said developer carrying 
member than said second electroconductive por- 
tion. 



a developer carrying member for feeding a 
developer to said electrophotographic pho- 
tosensitive member to develop the electro- 
static latent image formed on the electro- 30 
photographic photosensitive member; 
a first electroconductive portion; 
a second electroconductive portion for co- 
operating with said first electroconductive 
portion to provide an electrostatic capacity; 35 
a first electrical contact for receiving a volt- 
age to be applied to said first electrocon- 
ductive portion from the main assembly of 
the electrophotographic image forming ap- 
paratus; 

a second electrical contact for transmitting, 
to the main assembly of the electrophoto- 
graphic image forming apparatus, an elec- 
tnc signal corresponding to an electrostatic 
capacity between said first electroconduc- ^5 
tive portion and said second electrocon- 
ductive portion when a voltage is applied 
to said first electroconductive portion to de- 
tect a remaining amount of the developer 
by the main assembly of the electrophoto- 50 
graphic image forming apparatus. 



(a) electrophotographic photosensitive mem- 24. A process cartridge according to Claim 20 or 21, 
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wherein said second electrical contact is electrically 
connected with said second electroconductive por- 
tion. 

25. A process cartridge according to Claim 20 or 21, 
wherein the developer is fed to between said first 
electroconductive portion and said second electro- 
conductive portion, and the developer fed to be- 
tween said first electroconductive portion and said 
second electroconductive portion is retracted in an 
entering direction. 

26. A process cartridge according to Clainn 20 or 21, 
wherein the developerfed to between said first elec- 
troconductive portion and second electroconduc- 
tive portion passes between said first electrocon- 
ductive portion and second electroconductive por- 
tion. 

27. A process cartridge according to Clainn 20 or 21, 
wherein said first electroconductive portion and 
second electroconductive portion have a flat-plate- 
like shape, a gap between said first electroconduc- 
tive portion and second electroconductive portion is 
wider at a developer entering sido. 

28. A process cartridge according to Claim 20 or 21, 
wherein said first electroconductive portion has a 
flat-plate-like shape 

29. A process cartridge according to Claim 20 or 21, 
wherein said second electroconductive portion has 
a flat-plate-like shape. 

30. A process cartridge according to Claim 20 or 21, 
wherein said first electroconductive portion has a 
rod-like shape. 

31. A process cartridge according to Claim 20 or 21, 
wherein said second electroconductive portion has 
a rod-like shape. 

32. A process cartridge according to Claim 20, further 
comprising a third electroconductive portion for co- 
operating with said developer carrying member to 
provide an electrostatic capacity when a voltage is 
applied to said developer carrying member from a 
main assembly of said electropholographic image 
forming apparatus. 

33. A process cartridge according to Claim 20, wherein 
when the voltage is applied to said developer car- 
rying member, an electric signal corresponding to 
the electrostatic capacity between said developer 
carrying member and said third electroconductive 
portion is transmitted to the main assembly of said 
electrophotographic image forming apparatus. 



34. A process cartridge according to Claim 20 or 21, 
further comprising a magnet disposed in said devel- 
oper carrying member, and said developer is a mag- 
netic developer which is deposited on the surface 

5 of said developer carrying member. 

35. A process cartridge according to any one of Claims 
21-31, wherein said third electroconductive portion 
is constituted integrally. 

10 

36. A process cartridge according to Claim 35, wherein 
said third electroconductive portion is at an angle 
relative to said second electroconductive portion. 

15 37. A process cartridge according to Claim 21 , 35 or 36, 
wherein said third electroconductive portion is dis- 
posed opposed to said developer carrying member 

38. A process cartridge according to Claim 21 , 35, 36 
20 or 37, wherein said third electroconductive portion 
is disposed closer to said developer carrying mem- 
ber than said first electroconductive portion and 
said second electroconductive portion. 

25 39. A process cartridge according to Claim 20 or 21, 
further comphsing a charging member for charging 
said electrophotographic photosensitive member 

40. A process cartridge according to Claim 20, 21 or 39. 
30 further comprising a cleaning member for removing 

a developer deposited on said electrophotographic 
photosensitive member 

41. An electrophotographic image forming apparatus 
35 for forming an image on a recording material, com- 
prising: 

(a) electrophotographic photosensitive mem- 
ber; 

40 (b) an electrostatic latent image forming means 

for forming an electrostatic latent image on said 
electrophotographic photosensitive member; 
(c) a developing device for developing an elec- 
trostatic latent image formed on said electro- 
photographic photosensitive member, said de- 
veloping device including; 

a developer carrying member for feeding a 
developer to said electrophotographic pho- 
50 tosensitive member to develop the electro- 

static latent image formed on the electro- 
photographic photosensitive member; 
a first electroconductive portion; 
a second electroconductive portion for co- 
55 operating with said first electroconductive 

portion to provide an electrostatic capacity; 
a first electrical contact for receiving a volt- 
age to be applied to said first electrocon- 
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ductive portion from the main assembly of 
the electrophotographic image forming ap- 
paratus; 

a second electrical contact for transmitting, 
to the main assembly of the electrophoto- 
graphic image forming apparatus, an elec- 
tric signal corresponding to an electrostatic 
capacity between said first electroconduc- 
tive portion and said second electrocon- 
ductive portion when a voltage is applied 
to said first electroconductive portion to de- 
tect a remaining amount of the developer 
by the main assembly of the electrophoto- 
graphic image forming apparatus; and 

said apparatus further comprising: 

(d) detecting means for detecting an amount 
of a developer existing in said developing device on 
the basis of the electric signal transmitted from said 
second electrical contact. 

42. An electrophotographic image forming apparatus 
for forming an image on a recording material, com- 
prising: 

(a) electrophotographic photosensitive mem- 
ber; 

electrostatic latent image forming means 
for forming an electrostatic latent image on said 
electrophotographic photosensitive member; 

(b) mounting means for mounting the process 
cartridge, which includes: 
electrophotographic photosensitive member; 
and a developing device for developing an elec- 
trostatic latent image formed on an electropho- 
tographic photosensitive member, said devel- 
oping device including; 

a developer carrying member for feeding a 
developer to said electrophotographic pho- 
tosensitive member to develop the electro- 
static latent image formed on the electro- 
photographic photosensitive member; 
first electroconductive portion; 
a second electroconductive portion for co- 
operating with said first electroconductive 
portion to provide an electrostatic capacity; 
a first electrical contact for receiving a volt- 
age to be applied to said first electrocon- 
ductive portion from the main assembly of 
the electrophotographic image forming ap- 
paratus; 

a third electroconductive portion for coop- 
erating with said developer carrying mem- 
ber to provide an electrostatic capacity 
when a voltage is applied to said developer 
carrying member from the main assembly 
of said electrophotographic image forming 



apparatus; 

a second electrical contact for transmitting, 
to the main assembly of the electrophoto- 
graphic image forming apparatus, a com- 

5 bined electric signal of an electric signal 

corresponding to an electrostatic capacity 
between said first electroconductive por- 
tion and said second electroconductive 
portion when a voltage is applied to said 

10 first electroconductive portion and an elec- 

tric signal corresponding to an electrostatic 
capacity between said developer carrying 
member and the third electroconductive 
portion when a voltage is applied to said 

IS developer carrying member, to detect a re- 

maining amount of the developer by the 
main assembly of the electrophotographic 
image forming apparatus; and 

20 (c) delecting means for delecting an amount of 

a developer existing in said developing device 
on the basis of the electric signal transmitted 
from said second electrical contact. 

25 43. An electrophotographic image forming apparatus 
for forming an image on a recording material, to 
which a process cartridge is detachably mountable, 
said apparatus comprising: 

mounting means for detachably mounting the 

30 process cartridge, which includes: 

electrophotographic photosensitive member; 
and 

a developing device for developing an electro- 
ns static latent image formed on said electropho- 
tographic photosensitive member, said devel- 
oping device including; 

a developer carrying member for feeding a de- 
veloper to said electrophotographic photosen- 

40 sitlve member to develop the electrostatic la- 

tent image formed on the electrophotographic 
photosensitive member; 
a first electroconductive portion; 
a second electroconductive portion for cooper- 

45 ating with said first electroconductive portion to 

provide an electrostatic capacity; 
a first electrical contact for receiving a voltage 
to be applied to said first electroconductive por- 
tion from the main assembly of the electropho- 

so tographic image forming apparatus; 

a second electrical contact for transmitting, to 
the main assembly of the electrophotographic 
imago forming apparatus, an electric signal cor- 
responding to an electrostatic capacity be- 

55 tween said first electroconductive portion and 

said second electroconductive portion when a 
voltage is applied to said first electroconductive 
portion to detect a remaining amount of the de- 
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veloper by the main assembly of the electro- 
photographic image forming apparatus; said 
apparatus; 

said apparatus further comprising: 5 

(b) electrostatic latent image forming means for 
forming an electrostatic latent image on said 
electrophotographic photosensitive member; 

(c) detecting means for detecting an amount of to 
a developer existing in said developing device 

on the basis of the electric signal transmitted 
from said second electrical contact. 

An electrophotographic image forming apparatus 
for forming an image on a recording material, to 
which a process cartridge is detachably mountable, 
said apparatus comprising: 

(a) mounting means for mounting the process 20 
cartridge, which includes: 

electrophotographic photosensitive mem- 
ber; and 

a developing device for developing an 2S 
electrostatic latent image formed on an 
electrophotographic photosensitive mem- 
ber, said developing device including; 
a developer carrying member for feeding a 
developerto said electrophotographic pho- 30 
tosensitive member to develop the electro- 
static latent image formed on the electro- 
photographic photosensitive member; 
first electroconductive portion; 
a second electroconductive portion for co- 55 
operating with said first electroconductive 
portion to provide an electrostatic capacity; 
a first electrical contact for receiving a volt- 
age to be applied to said first electrocon- 
ductive portion from the main assembly of 40 
the electrophotographic image forming ap- 
paratus; 

a third electroconductive portion for coop- 
erating with said developer carrying mem- 
ber to provide an electrostatic capacity 
when a voltage is applied to said developer 
carrying member from the main assembly 
of said electrophotographic image forming 
apparatus; 

a second electrical contact for transmitting, 50 
to the main assembly of the electrophoto- 
graphic image forming apparatus, a com- 
bined electric signal of an electric signal 
corresponding to an electrostatic capacity 
between said first electroconductive por- 55 
tion i and said second electroconductive 
portion when a voltage is applied to said 
first electroconductive portion and an elec- 



tric signal corresponding to an electrostatic 
capacity between said developer carrying 
member and the third electroconductive 
portion when a voltage is applied to said 
developer carrying member, to detect a re- 
maining amount of the developer by the 
main assembly of the electrophotographic 
image forming apparatus; 

(b) electrostatic latent image forming means for 
forming an electrostatic latent image on said 
electrophotographic photosensitive member; 

(c) detecting means for detecting an amount of 
a developer existing in said developing device 
on the basis of the electric signal transmitted 
from said second electrical contact. 

45. An electrophotographic image forming apparatus 
according to any one of Claims 41 -44, wherein said 
developer amount delecting means detects sub- 
stantially real time the amount of said developer in 
said developing device, and the result of the detec- 
tion is continuously displayed. 

46. An electrophotographic image forming apparatus 
according to any one of Claims 41 -44, wherein said 
developer amount detecting means detects sub- 
stantially real time the amount of said developer in 
said developing device, and the result of the detec- 
tion is continuously displayed. 

47. A developing frame for a process cartridge which is 
detachably mountable to a main assembly of an 
electrophotographic Image forming apparatus, said 
developing frame comprising: 

a developer carrying member mounting portion 
for feeding a developer to said electrophoto- 
graphic photosensitive member to develop an 
electrostatic latent image formed on an electro- 
photographic photosensitive member; 
a first electroconductive portion mounting por- 
tion for mounting a first electroconductive por- 
tion; 

a second electroconductive portion mounting 
portion tor mounting a second electroconduc- 
tive portion for cooperation with first electrocon- 
ductive portion mounted to said first electrocon- 
ductive portion mounting portion. 

48. A developing frame for a process cartridge detach- 
ably mountable to a main assembly of an electro- 
photographic image forming apparatus, said devel- 
oping frame comprising: 

a developer carrying member mounting portion 
for mounting a developer carrying member for 
feeding a i developer to said electrophoto- 
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graphic photosensitive member to develop an 
electrostatic latent image formed on an electro- 
photographic photosensitive member; 
a first electroconductive portion mounting por- 
tion for mounting a first electroconductive por- s 
tion; 

a second electroconductive portion mounting 
portion for mounting second electroconductive 
portion for cooperation with the first electrocon- 
ductive portion mounted to said first electrocon- io 
ductive portion mounting portion to provide an 
electrostatic capacity; 

a third electroconductive portion mounting por- 
tion for mounting a third electroconductive por- 
tion so as to oppose to a developer carrying ^5 
member mounted to said developer carrying 
member mounting portion. 

49, A developing frame according to Claim 47 or 48, 
wherein said first electroconductive portion mount- 
ing portion and second electroconductive portion 
mounting portion are mounted such that first elec- 
troconductive portion and second electroconduc- 
tive portion are disposed to permit the developer to 
be feed between said first electroconductive portion 25 
and said second electroconductive portion mount- 
ed to said first electroconductive portion mounting 
portion and second electroconductive portion 
mounting portion. 
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tween said first electroconductive portion and said sec- 
ond electroconductive portion when a voltage is applied 
to said first electroconductive portion to detect a remain- 
ing amount of the developer by the main assembly of 
the electrophotographic image forming apparatus. 
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